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(54) Imaging system for generating high quality images 



(57) The present invention, in one form, is a multi- 
mode imaging system (10) which, in one embodiment, 
includes a substantially C-shaped arm (16) movably 
coupled to a movable base (14) to reduce difficulty of 
scanning an object. A source assembly (26) having a x- 
ray source (28) and a detector assembly (30) having a 



detector (32) are movably coupled to the arm (16). The 
source assembly (26) and the detector assembly (30) 
are independently movable relative to each other and to 
the arm (16). In one embodiment, an operator selects 
one or more modes of operation of the imaging system 
so that various types of image data are displayed. 
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Description 

[0001] This invention relates generally to imaging 
and, more particularly, to scalable multislice imaging 
systems. 5 
[0002] In at least some imaging systems generally re- 
ferred as computed tomography (CT) systems, an x-ray 
source projects a fan-shaped beam which is collimated 
to lie within an X-Y plane of a Cartesian coordinate sys- 
tem and generally referred to as the "imaging plane*. 
The x-ray beam passes through the object being im- 
aged, such as a patient. The beam, after being attenu- 
ated by the object, impinges upon an array of radiation 
detectors. The intensity of the attenuated beam radia- 
tion received at the detector array is dependent upon 
the attenuation of the x-ray beam by the object. Each 
detector element of the array produces a separate elec- 
trical signal that is a measurement of the beam attenu- 
ation at the detector location. The attenuation measure- 
ments from all the detectors are acquired separately to 
produce a transmission profile. 
[0003] In known third generation CT systems, the x- 
ray source and the detector array are rotated with a gan- 
try within the imaging plane and around the object to be 
imaged so that the angle at which the x-ray beam inter- 
sects the object constantly changes. X-ray sources typ- 
ically include x-ray tubes, which emit the x-ray beam at 
a focal spot. X-ray detectors typically include a collima- 
tor for coilimating x-ray beams received at the detector, 
a scintillator adjacent the collimator, and photodiodes 
adjacent the scintillator. 

[0004] In known third generation CT systems, the x- 
ray source and the detector array are rotated with a gan- 
try within the imaging plane and around the object to be 
imaged so that the angle at which the x-ray beam inter- 
sects the object constantly changes. A group of x-ray 
attenuation measurements, i.e., projection data, from 
the detector array at one gantry angle is referred to as 
a "view". A "scan" of the object comprises a set of views 
made at different gantry angles, or view angles, during 
one revolution of the x-ray source and detector. In an 
axial scan, the projection data is processed to construct 
an image that corresponds to a two dimensional slice 
taken through the object. One method for reconstructing 
an image from a set of projection data is referred to in 
the art as the filtered back projection technique. This 
process converts the attenuation measurements from a 
scan into integers called "CT numbers" or "Hounsfield 
units", which are used to control the brightness of a cor- 
responding pixel on a cathode ray tube display. 
[0005] To reduce the total scan time, a "helical" scan 
may be performed. To perform a "helical" scan, the pa- 
tient is moved while the data for the prescribed number 
of slices is acquired. Such a system generates a single 
helix from a one fan beam helical scan. The helix 
mapped out by the fan beam yields projection data from 
which images in each prescribed slice may be recon- 
structed. Total scan time may be further reduced by in- 



creasing the number of detector cells in the axis along 
the patient. An area detector can also be used to collect 
a volume of data in each rotation. 
[0006] In a x-ray fluoro system, a flat panel detector 
can be used to take sequential exposures to track dy- 
namic motion in a patient. This can yield images with 
high temporal resolution. The images, however, have 
significant super position artifacts. 
[0007] In CT fluoroscopic systems ("CT Fluoro"), data 
collected from a scan may be utilized to generate se- 
quential frames of images. A frame, like a view, corre- 
sponds to a two dimensional slice taken through the im- 
aged object. There are no super position artifacts. Par- 
ticularly, projection data is processed at a frame rate to 
construct multiple images. With known CT Fluoro sys- 
tems, the gantry of the CT system is rotated about the 
area of interest of the patient and sequential images are 
reconstructed and displayed. 

[0008] At least one known imaging system utilizes a 
closed gantry to generate a 3D image of the patient. The 
3D images provide object information including depth 
information. Asa result of the closed gantry construction 
of the CT system, the object is translated through the 
gantry to generate a 3D image of the object. The trans- 
lation of the object through the gantry, in addition to be- 
ing nearly impossible for certain types of objects, causes 
CT system positioning and use to be difficult. 
[0009] It would be desirable to provide an multimode 
imaging system which generates various types of imag- 
es for the object so that the tradeoffs between devices 
may be minimized. It also would be desirable to provide 
such a multimode imaging system which facilitates an 
open gantry to easy and fast access to the object to be 
imaged. 

[0010] This may be attained by a multimode imaging 
system which, in one embodiment, includes a substan- 
tially C-shaped arm movabiy coupled to a movable base 
to reduce difficulty of scanning an object. More specifi- 
cally, the arm is rotatable and movable relative to the 
base. A source assembly having a x-ray source and a 
detector assembly having a detector are movabiy cou- 
pled to the arm. The source assembly and the detector 
assembly can be independently movable relative to 
each other and to the arm to adjust image geometry. 
[0011] In an exemplary embodiment, an operator se- 
lects one or more modes of operation of the imaging sys- 
tem. By enabling the system operator to make such se- 
lections, different types of image data can be displayed 
without moving the object or the system. More specifi- 
cally, and in an exemplary embodiment, the system may 
be placed relative to the object to be scanned and 
placed in the selected mode of operation. The move- 
ment of the arm and the source and detector assemblies 
are based upon the mode selected by the operator. Us- 
ing data collected from the detector, images are gener- 
ated for the desired area of the object. Images generat- 
ed in one mode may combined or utilized with images 
generated in another mode to generate additional imag- 
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es. In another embodiment, the imaging system source 
and detector may be movably coupled to a large bore 
rotating gantry. 

[0012] Additionally, the configuration and the orienta- 
tion of the detector may be changed to generate addi- 
tional types of image data. In an exemplary embodi- 
ment, the detector includes two detector panels which 
are angularly positioned relative to each another. Using 
known references and data collected from the detector 
panels, specific elements of interest may be located on 
a 3D image of the object. 

[0013] The above described multimode imaging sys- 
tem generates various types of images for the object 
Such system also enables easy and fast access to the 
object to be imaged. Such system may be accomplished 
using a C-arm configuration or with a large bore gantry. 
[0014] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

Figure 1 is a pictorial side view of an imaging sys- 
tem; 

Figure 2 is a pictorial front view of the system illus- 
trated in Figure 1 ; 

Figure 3 is a pictorial view of the system illustrated 
in Figure 1 representing an altered position of a 
source and a detector; 

Figure 4 is a pictorial side view of the system shown 
in Figure 1 utilizing a table to support an object; 

Figure 5 is a pictorial side view of an alternative po- 
sition of the system illustrated in Figure 4 and an 
alternative embodiment of the detector; 

Figure 6 is a front view of another embodiment of 
the detector illustrated in Figure 5; 

Figure 7 is pictorial side view of the system illustrat- 
ed in Figure 1 in a CT volume sliding mode; 

Figure 8 is pictorial side view of the system illustrat- 
ed in Figure 1 in a x-ray fluoro mode, and 

Figure 9 is pictorial side view of the system illustrat- 
ed in Figure 1 in a tomosynthesis mode. 

[0015] Referring to Figures 1 and 2 and In one em- 
bodiment, a multimode imaging system 10 is shown as 
including a base 14 and a positioning means 16. In one 
embodiment, base 14 extends from a portable platform 
1 8 having a plurality of wheels 20, or other similar posi- 
tion altering devices, so that system 10 is movable rel- 
ative to an object to be imaged {not shown in Figures 1 
and 2). In an alternative embodiment, base 14 is mov- 
ably coupled and extends from a fixed surface, i.e., a 



wall (not shown). In one embodiment positioning means 
16 includes an arm which is movably coupled to base 
14 and includes a first end portion 22 and a second end 
portion 24. More specifically, arm 16 rotates relative to 

5 base 14 about an axis of rotation and moves relative to 
base 14 to alter the respective distances between arm 
first end portion 22 and base 14 and arm second end 
portion 24 and base 14. An x-ray source assembly 26 
is movably coupled to arm first end portion 22. X-ray 

10 source assembly 26 includes an X-ray source 28 which 
is configured to emit x-ray signals. A detector assembly 
30 is movably coupled to arm second end portion 24. 
Detector assembly 30 includes a detector 32 and is con- 
figured to receive the x-ray signals from said source 28 

15 to generate an image of the object. By moving arm 16 
relative to base 14, the position of source assembly 26 
may be altered so that source assembly 26 is moved 
toward or away from base 14. Altering the position of 
source assembly 26, alters the position of detector as- 

20 sembly 30 relative to base 14 in an opposite direction. 
[0016] More specifically, source 28 and detector 32 
are aligned along a plane of interest 34 with respect to 
the object. Source assembly 26 and detector assembly 
30 each independently move relative to each other to 

25 alter plane of interest 34 with respect to the object. Ad- 
ditionally, source assembly 26 and detector assembly 
30 are each configured to move independent of each 
other relative to arm 16 to alter a distance between 
source 28 and detector 32 so that the geometry of sys- 

30 tern 10 may be varied. More specifically, the position of 
source assembly 26 and detector assembly 30 may be 
varied, or altered, so that the respective distances be- 
tween a system isocenter and source 28 and detector 
32 are altered. As shown in Figure 3, by altering the dis- 

35 tance between source 28 and detector 32 and the re- 
spective distances to the isocenter of system 10, the 
magnification factor of system 10 may be modified. The 
modifiable magnification may be utilized for special im- 
aging needs. 

40 [0017] Detector 32, in one embodiment, is formed by 
a plurality of detector elements 34 which together sense 
the projected x-rays that pass through the object to col- 
lect image data. Detector 32 may be fabricated in a sin- 
gle slice, a multi-slice, or flat panel configuration. 

45 [001 8] In one embodiment, detector 32 is a solid state 
detector or radiation imager comprising a large flat panel 
imaging device having a plurality of pixels 34 arranged 
in rows and columns. Each pixel 34 includes a photo- 
sensor (not shown), such as a photodiode, that is cou- 

50 pled via a switching transistor (not shown) to two sepa- 
rate address lines, a scan line and a data line. In each 
row of pixels, each respective switching transistor (typ- 
ically a thin film field effect transistor (FET)) is coupled 
to a common scan line through that transistor's gate 

55 electrode. In each column of pixels, the readout elec- 
trode of the transistor (e.g., the source electrode of the 
FET) is coupled to a data line, which in turn is selectively 
coupled to a readout amplifier. During nominal opera- 
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tion, x-ray beams 16 passing through the object, for ex- 
ample a patient, being examined are incident on imag- 
ing array 32. The radiation is incident on a scintillator 
material and the pixel photosensors measure (by way 
of change in the charge across the diode) the amount 5 
of light generated by x-ray interaction with the scintilla- 
tor. As a result, each detector element, or pixel, 34 pro- 
duces an electrical signal that represents the intensity 
of an impinging x-ray beam and hence the attenuation 
of beam 16 as it passes through the object. During a to 
scan to acquire x-ray projection data in one mode de- 
fined as a CT volume rotation mode, detector assembly 
30 and source assembly 26 are rotated about the object. 
[0019] In another embodiment of detector 32, x-rays 
16 can directly generate electron-hole pairs in the pho- « 
tosensor (commonly called "direct detection-). The pho- 
tosensor charge data are read out by sequentially ena- 
bling rows of pixels (by applying a signal to the scan line 
causing the switching transistors coupled to that scan 
line to become conductive), and reading the signal from 20 
the respective pixels thus enabled via respective data 
lines (the photodiode charge signal being coupled to the 
data line through the conductive switching transistor and 
associated readout electrode coupled to a data line). In 
this way a given pixel can be addressed though a com- 25 
bination of enabling a scan line coupled to the pixel and 
reading out at the data line coupled to the pixel. 
[0020] For example, as shown in Figure 4, system 10 
includes a table 46 for supporting an object 50, i.e., sur- 
gical table for supporting a patient. In one embodiment, 30 
where base 14 is movable relative to table 46, system 
10 may be positioned along either side or end of table 
46. To generate an image of patient 50, arm 16 is rotated 
so that source assembly 26 and detector assembly 30 
rotate about patient 50. More specifically, arm 16 is ro- 35 
tatably coupled to base 14 so that detector 32 and 
source 28 are rotated about object 50. In one embodi- 
ment, images are generated by partially rotating arm 16 
around patient 50, i.e., arm 16 is rotated 180 degrees 
plus a fan angle, i.e., approximately 40 degrees, of *o 
source 28 around object 50. 

[0021] In one embodiment, movement of arm 1 6 and 
the operation of x-ray source assembly 26 and detector 
assembly 30 are governed by a control mechanism 52 
of system 10. Controller, or control mechanism, 52 in- 45 
eludes an x-ray controller54 that provides power and 
timing signals to x-ray source 28 and a motor controller 
56 that controls the position of arm 1 6, source assembly 
26 and detector assembly 30. A data acquisition system 
(DAS) 58 in control mechanism 52 samples data from so 
detector 32 for subsequent processing. An image recon- 
structed 60 receives sampled x-ray data from DAS 58 
and performs high speed image reconstruction. The re- 
constructed image is applied as an input to a computer 
62 which stores the image in a mass storage device 64. 55 
[0022] Computer 62 also receives commands and 
scanning parameters from an operator via a console 64 
that has a keyboard. An associated cathode ray tube 



display 66 allows the operator to observe the recon- 
structed image and other data from computer 62. The 
operator supplied commands and parameters are used 
by computer 62 to provide control signals and informa- 
tion to DAS 58, x-ray controller 54 and motor controller 
56. Computer 62 operates a table motor controller 68 
which controls position of motorized table 46 relative to 
system 10. 

[0023] In one embodiment as shown in Figure 4, de- 
tector 32 includes at least one detector panel 100 which 
is rotatable relative to arm 16. Panel 100 is sized to col- 
lect data for an entire organ, section, or region, of object 
50, i.e., 40cm by 40cm. The area of object 50 to be im- 
aged may be changed by altering, or rotating, detector 
32, specifically, panel 100. More specifically, where the 
shape of panel 100 is non-symmetrical, i.e., having a 
non-square shape, the orientation of panel 100 may 
changed to select between a greater coverage area and 
a greater field of View (FOV). Particularly, panel 100 
may be rotated to select the appropriate coverage area 
and FOV, In addition and again referring to Figure 3, the 
area of object 50 to be imaged may be modified by al- 
tering the position of detector assembly 30 and/or 
source assembly 26 so that the distance between 
source 28 and detector 32 is modified or altered. More 
specifically, source assembly 26 and detector assembly 
30 may be positioned so that only a portion of detector 
panel 100 is exposed to the x-ray signals emitted from 
source 28. 

[0024] In one embodiment, a partially defective panel 
100, i.e., known portions of panel elements 34 are non- 
responsive to x-ray signals, may be utilized to generate 
images of object 50. This may be accomplished by al- 
tering the distance between source 28 and detector 32. 
Specifically, the distance between source 28 and detec- 
tor panel 1 00 is reduced so that the area of x-ray signal 
exposure is limited to the functioning portion of panel 
100. For example, where any number of detector panel 
elements 34 are non-responsive so that the right 25% 
of panel 100 is unusable, the distance between detector 
32, specifically panel 100, relative to source 28 may be 
altered so that the data is collected from the remaining 
75% of panel 100. In another embodiment, detector 
panel 100 and/or source 26 may be positioned so that 
only the center 50% of panel 100 is utilized and the 
known defective 25% right and a corresponding 25% of 
the left side of panel 100 are unused to generate the 
image. The partially defective panel 100 may also be 
used by collimating x-ray beam 1 6 from source 28, using 
a collimator (not shown), so that the defective portion of 
panel 100 is not exposed to x-rays 16. As a result, x-ray 
dose to patient 22 is reduced. 
[0025] In another embodiment and referring to Figure 
5, detector 32 includes a first panel 102 and a second 
panel 104. Panels 102 and 104, are similar to panel 100 
and are rotatable relative to arm 16 to alter the field of 
coverage and the FOV. In one embodiment, panel 102 
is positioned adjacent to second panel 104 so that the 
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area of detector 32 includes a combined surface area 
of panel 102 and panel 104. In another embodiment as 
shown in Figure 6, panels 102 and 104 are angularly 
positioned relative to one another. More specifically and 
in one embodiment, respective panels 1 02 and 104 are 5 
positioned relative to each other so that the surface of 
panel 102 is at an obtuse angle with reference to the 
surface of panel 104. In other embodiments, the angle 
between respective panels 102 and 1 04 may range from 
approximately 0 degrees to approximately 30 degrees, to 
For example, in one embodiment panel 102 is posi- 
tioned perpendicular to panel 104. 
[0026] In operation, system 10 is configured to oper- 
ate in at least one of a plurality of modes including for 
example, Computed Tomography (CT) volume axial ro- '5 
fating, CT volume helical rotating, CT volume sliding, X- 
ray Fluoro, and CT tomosynthesis modes. Initially an op- 
erator determines, or selects, a first, or initial, mode of 
operation for system 10, for example using computer 62. 
The position and movement of arm 16, source assembly 20 
26 and detector assembly 30 are based on the selected 
mode of operation of system 1 0. More specifically, the 
position and movement of arm 16 relative to base 14 
and source assembly 26 and detector assembly 30 rel- 
ative to each other, arm 16, and the object are altered, 25 
or controlled, by the operator selected mode. After col- 
lecting data utilizing detector assembly 30, at least one 
image of object 50 is generated. The operator may then 
generate additional images using existing mode or may 
select one of the other modes of system 1 0. The oper- 30 
ation of system 10 for the CT volume rotating, CT vol- 
ume sliding, CT fluoro, and CT tomosynthesis modes 
are described below in further detail below. 

CT Volume Rotating 35 

[0027] Prior to selecting the CT volume rotating mode 
of system 10 by the operator, system 10 is positioned 
relative to object 50. As a result of the shape of arm 16, 
system 10 may be easily positioned adjacent to table 4 ° 
46. For example and referring again to Figure 5, as 
shown in Figure 6, where images are desired of a certain 
area of object 50, i.e., the lower portion of a patient's 
leg, system 1 0 is placed relative to table 46 so that arm 
16 rotates about table 46. More specifically, system 10 45 
is positioned near the end of table 46 so that as arm 16 
rotates about a Z axis of object 50, source assembly 26 
and detector assembly 30 move relative to table 46. Par- 
ticularly and in one embodiment, arm 16 rotates about 
180 degrees plus a fan angle about base 14. Arm 16 is so 
rotated relative to base 14, source assembly 26 and de- 
tector assembly 30 are rotated about object 50 and table 
46. X-rays signals are emitted from source 28 and col- 
lected by detector 32 as arm 16 is rotated. The signals 
collected from detector 32 are processed in a manner 55 
known in the art to generate an image of object 50, i.e., 
an image along the plane of interest of the patient's leg. 
More specifically and in one embodiment, arm 16 ro- 



tates about base 14 at a fairly slow speed, i.e., 3 to 10 
seconds per rotation, and data is collected for each row 
of elements 32. Reconstructed images are then gener- 
ated using data collected from elements 34 of detector 
32. In one embodiment, the reconstructed images for 
each row of detector 34 are then combined to form a 3D 
image of object 50. The 3D image, in one embodiment, 
is a volume display, to understand the location of the 
elements contained within object 50, for example the 
bones within the patient. As described above, where de- 
tector 32 is non-symmetrical, the orientation of detector 
32 may be altered to select the appropriate coverage 
area, i.e., a larger X-axis coverage area, and Field of 
View (FOV), i.e., a larger Z-axis coverage area. After 
the images are generated, the operator may reposition 
system 1 0 relative to object 50 or select a different mode 
of operation. In addition, if the operator has completed 
all tasks, system 10 may be removed without interfering 
with or disturbing object 50. 

CT Volume Sliding 

[0028] The CT volume sliding mode allows image 
generation of objects having a shape, placement, or 
configuration which are difficult or impossible to image 
using known imaging systems. More specifically, and as 
shown in Figures 4 and 7 where system 10 is placed 
along one of the sides of table 46, arm 16 is moved rel- 
ative to base 14 so that source assembly 26 and detec- 
tor assembly 30 are moved perpendicular to table 46. 
Particularly, as arm 16 is moved relative to base 14, 
source assembly 26 and detector assembly 30 traverse 
around object 50 so that plane of interest 34 is parallel 
to surface 52 of table 46. For example as shown in Fig- 
ure 5, in order to scan object 50 positioned on table 46, 
arm 16 is moved relative to base 14 so that the respec- 
tive distances between arm first end portion 22 and base 
14 and between second end portion 24 and base 14 are 
altered. More specifically and in one embodiment, arm 
1 6 is moved relative to base 1 4 so that source assembly 
26 is a maximum distance from base 14 and detector 
assembly is a minimum distance from base 14. 
[0029] To generate an image of object 50, source 28 
is enabled to emit x-ray signals toward detector 32 and 
arm 16 is moved relative to base 14 so that source as- 
sembly 26 is moved closer to base 14. In one embodi- 
ment, arm 16 is moved relative to base 14 so that source 
assembly 26 and detector assembly 30 scan 180 de- 
grees plus a fan angle of source 28 traverse to object 
50. 3D images are then generated in a similar manner 
as described above in the CT volume rotating mode. Af- 
ter the images are generated, the operator may reposi- 
tion system 10 relative to object 50 or select a different 
mode of operation. In addition, if the operator has com- 
pleted all tasks, system 10 may be removed without in- 
terfering with or disturbing object 50. 
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X-ray Fluoro Mode 

[0030] Once at least one 3D image has been gener- 
ated for object 50 using one of the other modes, system 
10 is placed into the X-ray fluoro mode to locate in ele- 5 
ments within object 50. In one embodiment as shown in 
Figure 7, where system 1 0 is positioned along one side 
of table 46, arm 16 is positioned relative to object 50 and 
is fixed in position, i.e., arm 16 is positioned so that plane 
of interest 34 is parallel to base 1 4 and source assembly 10 
26 and detector assembly 30 are an equidistance from 
base 14. The distance between source 26 and detector 
30 is then adjusted for the selected area to be scanned. 
Source 28 is then enabled and image data is collected. 
Source 28 can then be translated along the Z axis of t5 
object 50, i.e., the patient, to locate the desired element 
within the object, i.e., a bone of interest, as the position 
of detector 32 remains fixed. As source 28 is translated, 
a series of real-time images along plane of interest 34 
are generated in accordance with known fluoroscopy 20 
methods to determine the location of the desired ele- 
ment within object 50. A pseudo three dimensional im- 
age may then be generated by combining multiple im- 
ages taken at different angles. This will yield additional 
depth information not found in a conventional single po- 25 
sition image. 

[0031] In another embodiment, source 28 is angularly 
translated relative to object 50 to determine the location 
of the bones of interest in the 3D image. More specifi- 
cally, source 28 is shifted, or moved, toward or away 30 
from detector assembly 30 in addition to the Z-axis 
translation so that source 28 is angularly translated rel- 
ative to object 50 to generate the real-time images. 
[0032] In another embodiment, the location of the de- 
sired elements, i.e., bones of interest, may be directly 35 
determined using data collected from detector panels 
102 and 104. More specifically and referring to Figure 
6, where respective panels 102 and 104 are angularly 
positioned relative to one another, separate images are 
generated for respective panels 102 and 104. After de- *o 
termining the location of known references in the sepa- 
rate images generated from panels 102 and 104, the 
location of the bones of interest on the 3D image are 
directly determined utilizing known triangulation meth- 
ods. More particularly and in one embodiment, utilizing <5 
a dual spot source 28 and linear translation of source 
28, the location on the 3D images is determined. 
[0033] For example, after generating the 3D images 
using one of the CT volume modes, the operator places 
system 10 in the fluoro mode. Using the generated 50 
fluoro mode real-time images, the operator, for example 
a doctor, may locate at least one bone of interest. In ad- 
dition, the fluoro images may be utilized to display and 
determine the location of other devices with respect to 
the bone of interest. For example, the image may be 55 
utilized to locate medical screws to be inserted into the 
bone of interest. Specifically, the images may be utilized 
to predict, or determine, the trajectory of a medical in- 



strument, for example, a drill, with respect to the bone 
of interest. This may also be accomplished by instruct- 
ing the screw or instrument position device. After the im- 
ages are generated, the operator may reposition system 
10 relative to object 50 or select a different mode of op- 
eration. In addition, if the operator has completed all 
tasks, system 10 may be removed without interfering 
with or disturbing object 50. 

Tomosynthesis Mode 

[0034] In the tomosynthesis mode, at least one plane 
of interest image is generated using system 10. Specif- 
ically and referring to Figure 9, each plane of interest 
image includes a single plane of the object which is in 
focus and all remaining information contained in the im- 
age is blurred. More specifically and in one embodiment, 
source assembly 26 and detector assembly 30 are po- 
sitioned so that plane of interest 34 is aligned with the 
desired object image plane of interest. In another em- 
bodiment, a series of plane of interest images are gen- 
erated by translating source assembly 26 and detector 
assembly 30 together parallel to the desired object 
plane of interest. For example, where system 10 is 
placed along one side of table 46 and plane of interest 
34 is perpendicular to table 46, source assembly 26 and 
detector assembly 30 are translated together along the 
Z axis of object 50 to generate an image of each desired 
plane of interest 34. In another embodiment, source 28 
may be angularly translated as described above, as de- 
tector assembly 30 is translated to generate the series 
of images. In one embodiment, the series of plane of 
interest images are then digitally combined to generate 
a stack of images representative of the image volume. 

Use 

[0035] In use, system 10 may be utilized to generate 
different types of images and information for object 50. 
For example in medical applications, a patient 50 lying 
on table 46, i.e., an emergency room table or a surgical 
table, may be scanned. As a result of the portability of 
system 10 and the shape of arm 16, system 10 may be 
quickly positioned relative to patient 50 without interfer- 
ing with the numerous devices which are typically cou- 
pled to patient 50. In addition, system 10 may be posi- 
tioned in a plurality of positions to scan the desired area 
of patient 50 without moving patient 50. Additionally, the 
mode of system 10 may be altered to generate different 
types of images to provide further assistance in provid- 
ing aid to patient 50. More specifically and in one em- 
bodiment, an operator selects at least one mode of op- 
eration for system 10 utilizing the keyboard. Computer 
62 supplies the appropriate signals to control mecha- 
nism 52 control the movement of positioning means 16, 
source assembly 26, and detector assembly 30. In ad- 
dition, where the operator desires to generate an image 
utilizing more than one mode, the operator may select 
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at least additional mode using computer 62. More spe- 
cifically, the operator may configure system 10 so that 
at least one image from a first mode of operation may 
be combined with at least one image from at least a sec- 
ond mode of operation. As a result of the combination 
of the images, image quality is improved. 
[0036] In industrial applications, system 10 may be 
utilized to generate images for objects which are typi- 
cally difficult or impossible to scan. For example, a piece 
of equipment that is fixed in position and coupled to oth- 
er equipment may be scanned using system 10. Specif- 
ically, as a result of the shape of arm 1 6, source 28 and 
detector 32 may be utilized to generate images of the 
object. 

[0037] In another embodiment of system 1 0, position- 
ing means 16 is a large bore gantry (not shown). Gantry 
16 is rotatably coupled to base 14 and source assembly 
26 and detector assembly 30 are movably coupled to 
gantry 16. In one embodiment, gantry 16 includes a 
large bore (not shown) of approximately 80 to over 1 00 
cm in diameter. The large bore provides adequate clear- 
ance to scan a patient 50 positioned on a large surgical 
table (not shown). In addition to altering the position of 
source assembly 26 and detector assembly 30 as de- 
scribed above, gantry 16 rotates source assembly 26 
and detector assembly 30 around patient 50. 
[0038] The above described multimode imaging sys- 
tem generates various types of images for the object. 
Such system also enables easy and fast access to the 
object to be imaged. Such system may be accomplished 
using a C-arm configuration or with a large bore gantry. 

Claims 

1 . A method of generating an image of an object (50) 
using a multimode imaging system (10) configured 
to operate in at least one of a plurality of modes of 
operation, the multimode imaging system including 
a source assembly (26), a detector assembly (30), 
and a means (16) for positioning the source assem- 
bly and the detector assembly, the source assembly 
coupled to the means for positioning and including 
an x-ray source (28) configured to emit x-ray sig- 
nals, the detector assembly coupled to the means 
for positioning and including a detector (32), said 
method comprising the steps of: 

selecting at least one mode of operation; 

positioning the source assembly (26) and the 
detector assembly (30) for each determined 
mode of operation; 

generating an image of the object (50) for each 
determined mode of operation. 

2. A method in accordance with Claim 1 wherein se- 



lecting at least one mode of operation, said method 
comprises the step of selecting at least one of a 
computed tomography mode, an x-ray mode, a 
fluoroscopy mode, a tomosynthesis mode, and a 
5 volume computed tomography mode. 

3. A method in accordance with Claim 1 or 2, wherein 
the step of positioning the source assembly (26) 
and the detector assembly (30) comprises the step 

10 of rotating the detector assembly (30) and the 
source assembly (26) about the object (50). 

4. An imaging system (10) for generating an image of 
an object (50), said imaging system configured to 

15 operate in at least one of a plurality of modes of op- 
eration and comprising: 

a source assembly (26) comprising a movable 
x-ray source (28) configured to emit x-ray sig- 
20 nals; 

a detector assembly (30) comprising a movable 
detector (32); 

25 a positioning means (16) for positioning said 

source assembly (26) and said detector assem- 
bly (30) relative to the object (50), said source 
assembly (26) being movably coupled to said 
positioning means (16) and said detector as- 

30 sembly (30) being movably coupled to said po- 

sitioning means (16); and 

a controller (52) enabling an operator to selec- 
tively operate said system in at least one of a 
35 plurality of modes. 

5. A system in accordance with Claim 4 wherein said 
plurality of modes comprises at least one of a com- 
puted tomography mode, an x-ray mode, a fluoros- 

40 copy mode, a tomosynthesis mode, and a volume 
computed tomography mode. 

6. A system (10) in accordance with Claim 4 or 5, 
wherein said source (28) is configured to move rel- 

45 ative to said positioning means (16) to alter a dis- 
tance from said source (28) to said detector (32). 

7. A system (10) in accordance with Claim 4 or 5, 
wherein said detector (32) is configured to move rel- 

50 ative to said positioning means (16) to alter a dis- 
tance from said detector (32) to said source (28). 

8. An imaging system (10) in accordance with Claim 
4 wherein said source (28) and said detector (32) 

55 are aligned along a plane of interest (34), and 
wherein at least one of said source (28) and said 
detector (32) are configured to move relative to oth- 
er said assembly and said positioning means (16) 
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to alter said plane of interest (34). 

9. An imaging system (10) in accordance with anyone 
of Claims 4 to 8, further comprising a table (46) for 
supporting the object (50), said source (28) and said 
detector (32) being movable relative to said table 
(46). 

10. An imaging system (10) in accordance with Claim 
9 wherein said positioning means (16) is movable 
relative to said table (46). 

1 1 . An imaging system (1 0) in accordance with any one 
of Claims 4 to 10, wherein said detector (32) com- 
prises at least one detector panel (100). 

12. An imaging system (10) in accordance with Claim 
11 wherein at least one said detector panel (100) is 
rotatable relative to said positioning means (16). 

13. An imaging system (10) in accordance with Claim 
11 wherein said detector (320 comprises a first de- 
tector panel (102) and a second detector panel 
(104). 

14. An imaging system (10) in accordance with Claim 
13 wherein said first detector panel (102) is angu- 
larly positioned relative to said second detector 
panel (104). 

15. An imaging system (10) in accordance with Claim 
4 wherein said positioning means comprises a base 
(14) and an arm (16) movably coupled to said base. 

16. An imaging system (10) in accordance with Claim 
15 wherein said arm comprises a first end portion 
(22) and a second end portion (24) wherein said x- 
ray source assembly coupled to said arm first end 
portion, and wherein said detector assembly cou- 
pled to said arm second end portion. 

17. An imaging system (10) in accordance with anyone 
of Claims 4 to 16, wherein said positioning means 
comprises a base (14) and a gantry (16) rotatably 
coupled to said base (14). 

18. An imaging system (10) for generating an image of 
an object (50), said imaging system comprising a 
base (14), a positioning means (16) movably cou- 
pled to said base (14), an x-ray source assembly 
(26) comprising an x-ray source (28) configured to 
emit x-ray signals and coupled to said positioning 
means (16), and a detector assembly (30) compris- 
ing a detector (32) coupled to said positioning 
means (16), said system configured to: 

enable an operator to select a mode of opera- 
tion; 



alter the position of said detector assembly (26) 
and said source assembly (30) relative to said 
other assembly and the object (50) based on 
the selected mode; and 

5 

generate an image of the object (50). 

19. A system (10) in accordance with Claim 18 wherein 
to enable the operator to select a mode, said system 
10 is configured enable the operator to select at least 
one of a computed tomography mode, an x-ray 
mode, a fluoroscopy mode, a tomosynthesis mode, 
and a volume computed tomography mode. 

15 20. A system (10) in accordance with Claim 18 or 19, 
wherein, to alter the position of said detector as- 
sembly (30) and said source assembly (26), said 
system is configured to rotate said positioning 
means (16) relative to said base (14) so that said 

20 detector assembly (30) and said source assembly 
(26) are rotated about the object (50). 

21. A system (10) in accordance with Claim 18 or 19, 
wherein, to alter the position of said detector as- 

25 sembly (30) and said source assembly (26), said 
system is configured to move at least one of said 
source and said detector relative to said other as- 
sembly to alter a distance between said source (28) 
and said detector (32). 

30 

22. A system (10) in accordance with Claim 18 or 19, 
wherein said source (28) and said detector (32) are 
aligned along a plane of interest (34), and wherein 
to alter the position of said detector assembly (30) 

35 and said source assembly (26), said system is con- 
figured to move at least one of said source (28) and 
said detector (32) relative to said other assembly to 
alter the plane of interest (34). 

40 23. A system (1 0) in accordance with Claim 22 wherein 
to move at least one of said source (28) and said 
detector (32) relative to said other assembly, said 
system is configured to translate at least one of said 
source (28) and said detector (32) parallel to the 

45 plane of interest (34). 

24. A system (10) in accordance with Claim 18 further 
comprising a table (46) for supporting the object 
(50), and wherein, to alter the position of said de- 
so tector assembly (30) and said source assembly 
(26), said system is configured to move said detec- 
tor (32) and said source (28) relative to said table 
(46). 

55 25. A system (1 0) in accordance with Claim 24 wherein, 
to move said detector assembly (30) and said 
source assembly (26) relative to said table (46), 
said system is configured to rotate said detector as- 
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sembly (30) and said source assembly (26) about 
said table (46). 

26. A system (10) in accordance with anyone of Claims 
18 to 26, wherein, to generate an image of the ob- 
ject (50), said system is configured to radiate x-ray 
signals from said x-ray source (28) toward said de- 
tector (32). 

27. A system (10) in accordance with Claim 26, where- 
in, to generate an image of the object (50), said sys- 
tem is further configured to collect image data. 

28. A system (1 0) in accordance with Claim 27, wherein 
said detector assembly (30) comprises at least one 
detector panel (100), and wherein, to collect image 
data, said system is configured to detect x-ray sig- 
nals utilizing a portion of at least one of said at least 
one detector panel (100). 

29. A system (10) in accordance with Claim 28, where- 
in, to detect x-ray signals utilizing a portion of at 
least one of said at least one detector panel (100), 
said system is configured to alter a position of at 
least one of said at least one detector panel (100). 

30. A system (1 0) in accordance with Claim 26, wherein 
said detector assembly (30) comprises a first detec- 
tor panel (102) and a second detector panel (104), 
and wherein, to collect image data, said system is 
configured to angularly position said first detector 
panel (102) relative to said second detector panel 
(104). 

31. A system (10) in accordance with Claim 30, where- 
in, to angularly position said first detector panel 
(102) relative to said second detector panel (104), 
said system is configured to position said first de- 
tector panel (1 02) at an obtuse angle relative to said 
second detector panel (104). 

32. A system (10) in accordance with Claim 30, where- 
in, to angularly position said first detector panel 
(102) relative to said second detector panel(104), 
said system is configured to position said first de- 
tector panel (102) at an acute angle relative to said 
second detector panel (104). 

33. A system (10) in accordance with Claim 30, where- 
in, to angularly position said first detector panel 
(102) relative to said second detector panel (104), 
said system is configured to position said first de- 
tector panel (104) perpendicular to said second de- 
tector panel (104). 

34. A system (1 0) in accordance with any one of Claims 
18 to 33, wherein said positioning means comprises 
an arm (16) having a first end portion (22) and a 



second end portion (24), wherein said x-ray source 
assembly (26) is coupled to said arm first end por- 
tion (22), and wherein said detector assembly (30) 
is coupled to said arm second end portion (24). 

5 

35. A system (1 0) in accordance with any one of Claims 
18 to 33, wherein said positioning means comprises 
a gantry (16) rotatably coupled to said base (14). 
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